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(57) ABSTRACT 

A neW semiconductor packaging technology is proposed for 
the fabrication of a thermally-enhanced stacked-die BGA 
(Ball Grid Array) semiconductor package. By the proposed 
semiconductor packaging technology, a substrate is used as 
a chip carrier for the mounting of tWo semiconductor chips 
in conjunction With a heat spreader thereon, Wherein the ?rst 
semiconductor chip is mounted over the substrate through 
?ip-chip (FC) technology; the heat spreader is mounted over 
the ?rst semiconductor chip and supported on the substrate; 
and the second semiconductor chip is mounted on the heat 
spreader and electrically coupled to the substrate through 
Wire-bonding (WB) technology. To facilitate the Wire 
bonding process, the heat spreader is formed With a plurality 
of Wire-routing openings to alloW the bonding Wires to be 
routed therethrough. Since chip-produced heat during opera 
tion can be dissipated through the heat spreader, it alloWs an 
enhanced heat-dissipation ef?ciency. In addition, the heat 
spreader can serve as a grounding plane to the package 
chips, so that the packaged chips Would have better electrical 
performance during operation. 

9 Claims, 5 Drawing Sheets 
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THERMALLY-ENHANCED STACKED-DIE 
BALL GRID ARRAY SEMICONDUCTOR 

PACKAGE AND METHOD OF FABRICATING 
THE SAME 

This is a division of application Ser. No. 09/905,499 ?led 
Jul. 14, 2001 now US. Pat. No. 6,472,741. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to semiconductor packaging 

technology, and more particularly, to a thermally-enhanced 
stacked-die BGA (Ball Grid Array) semiconductor package 
and method of fabricating the same. 

2. Description of Related Art 
Stacked-die semiconductor packaging technology is used 

to pack tWo or more semiconductor chips in a stacked 
manner in one single package unit, so as to alloW one single 
package unit to be capable of offering a doubled level of 
functionality or data storage capacity (note that the term 
“semiconductor die” is synonymous to the term “semicon 
ductor chip”). Memory chips, such as ?ash memory chips, 
are typically packaged in this Way so as to alloW one single 
memory module to offer an increased data storage capacity. 
A conventional type of stacked-die semiconductor pack 

aging technology is based on WB-FC-BGA (Wire-Bonded 
& Flip-Chip Ball Grid Array) architecture to pack a pair of 
semiconductor chips in a stacked manner over a BGA 
substrate, Which is characteriZed in that the underlying chip 
is electrically coupled to the substrate through ?ip-chip (FC) 
technology, While the overlying chip is electrically coupled 
to the same substrate through Wire-bonding (WB) technol 
ogy. 

FIG. 1 shoWs a schematic sectional diagram of a conven 
tional stacked-die BGA package that is based on the 
WB-FC-BGA architecture. As shoWn, this stacked-die BGA 
package includes: (a) a substrate 100 having a front surface 
100a and a back surface 100b; (b) a ?rst semiconductor chip 
110 having an active surface 110a and an inactive surface 
110b, and Whose active surface 110a is bonded and electri 
cally coupled to the front surface 100a of the substrate 100 
through ?ip-chip (FC) technology; (c) a second semicon 
ductor chip 120 having an active surface 120a and an 
inactive surface 120b, and Whose inactive surface 120b is 
adhered by means of an adhesive layer 121 to the inactive 
surface 110b of the ?rst semiconductor chip 110; (d) a 
plurality of bonding Wires 140, such as gold Wires, Which are 
routed from the active surface 120a of the second semicon 
ductor chip 120 doWn to the front surface 100a of the 
substrate 100, for electrically coupling the second semicon 
ductor chip 120 to the substrate 100; (e) an encapsulation 
body 150 for encapsulating the tWo stacked chips 110, 120 
over the substrate 100; and a ball grid array 160 
implanted on the back surface 100b of the substrate 100. 

One draWback to the forgoing stacked-die BGA package 
structure, hoWever, is that the tWo stacked chips 110, 120 
Would have a poor heat-dissipation capability since no 
additional heat-dissipation means is provided. This Would 
make the heat produced by the stacked chips 110, 120 during 
operation to accumulate therebetWeen Moreover, since the 
heat produced by the ?rst semiconductor chip 110 Would be 
conducted to the second semiconductor chip 120, it Would 
cause the second semiconductor chip 120 to accumulate 
more heat that Would make the second semiconductor chip 
120 more likely damaged due to thermal stress. 

FIG. 2 shoWs a schematic sectional diagram of a 
thermally-enhanced version of the stacked-die BGA pack 
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2 
age of FIG. 1. As shoWn, this stacked-die BGA semicon 
ductor package is substantially identical in structure as that 
shoWn in FIG. 1, Which also includes: (a) a substrate 200 
having a front surface 200a and a back surface 200b; (b) a 
?rst semiconductor chip 210 having an active surface 210a 
and an inactive surface 210b, and Whose active surface 210a 
is electrically coupled to the front surface 200a of the 
substrate 200 through FC technology, (c) a second semicon 
ductor chip 220 having an active surface 220a and an 
inactive surface 220b, and Whose inactive surface 220b is 
adhered by means of an adhesive layer 221 to the inactive 
surface 210b of the ?rst semiconductor chip 210; (d) a 
plurality of bonding Wires 240, Which are routed from the 
active surface 220a of the second semiconductor chip 220 
doWn to the front surface 200a of the substrate 200, for 
electrically coupling the second semiconductor chip 220 to 
the substrate 200; (e) an encapsulation body 250 for encap 
sulating the tWo stacked chips 210, 220 over the substrate 
200; and a ball grid array 260 implanted on the back 
surface 200b of the substrate 200. To enhance its heat 
dissipation capability, a heat spreader 230 is mounted over 
the substrate 200. The heat spreader 230 is substantially 
U-shaped in cross section having a support portion 231 and 
an overhead portion 232, With the support portion 231 being 
supported on the substrate 200 and the overhead portion 232 
being positioned above the tWo stacked chips 210, 220. This 
alloWs the heat produced by the tWo stacked chips 210, 220 
to be conducted ?rst to the capsulant betWeen the second 
semiconductor chip 200 and the heat spreader 230, and 
onWards through the heat spreader 230 to the outside atmo 
sphere. Therefore, the stacked-die BGApackage of FIG. 2 is 
better in heat-dissipation capability than the prior art of FIG. 
1. 
The forgoing package structure of FIG. 2, hoWever, has 

the folloWing draWbacks. First, since the heat spreader 230 
is not in direct contact With the inactive surfaces 210b, 220b 
of the packaged chips 210, 220, it Would result in a poor 
heat-dissipation capability. Second, since there are no 
grounding plane on the back side of each of the tWo 
packaged chips, it Would result in a poor grounding effect 
and thereby a poor electrical performance to the packaged 
chips, 

Related patents, include, for example, the US. Pat. No. 
5,726,079 entitled “THERMALLY ENHANCED FLIP 
CHIP PACKAGE AND METHOD OF FORMING”; the 
US. Pat. No. 5,909,057 entitled “INTEGRATED HEAT 
SPREADER/STIFFENER WITH APERTURES FOR 
SEMICONDUCTOR PACKAGE”; and the US. Pat. No. 
5,815,372 entitled “PACKAGING MULTIPLE DIES ON A 
BALL GRID ARRAY SUBSTRATE”; to name just a feW. 
The US. Pat. No. 5,726,079 discloses an advanced semi 

conductor packaging technology for the fabrication of a 
FC-BGA package, While the US. Pat. No. 5,909,057 dis 
closes another semiconductor packaging technology for the 
fabrication of a thermally-enhanced FC-BGA package. 
None of these tWo patents, hoWever, teach a solution to the 
above-mentioned problems of the stacked-die BGA package 
structure depicted in FIG. 1 and FIG. 2. 
The US. Pat. No. 5,815,372 discloses a semiconductor 

packaging technology for the fabrication of a stacked-die 
BGA package based on WB-FC-BGA architecture. One 
draWback to this patent, hoWever, is that since its architec 
ture is similar to the one depicted in FIG. 1, it nevertheless 
has the problem of a poor heat-dissipation capability as 
mentioned above. 

SUMMARY OF THE INVENTION 

It is therefore an objective of this invention to provide a 
neW stacked-die BGA semiconductor packaging technology 
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that allows the chip-produced heat to be dissipated directly 
to the outside atmosphere. 

It is another objective of this invention to provide a neW 
stacked-die BGA semiconductor packaging technology that 
can provide a grounding plane to the packaged chips, so as 
to help enhance the electrical performance of the packaged 
chips. 

In accordance With the foregoing and other objectives, the 
invention proposes a neW semiconductor packaging tech 
nology for the fabrication of a stacked-die BGA semicon 
ductor package. 
By the semiconductor packaging technology according to 

the invention, a ?rst semiconductor chip is mounted over a 
substrate through ?ip-chip (FC) technology; and then a heat 
spreader is mounted over the ?rst semiconductor chip. The 
heat spreader has a support portion and an overhead portion 
formed With a plurality of Wire-routing openings; Wherein 
the heat spreader is mounted in such a manner that the 
support portion is supported on the front surface of the 
substrate, While the overhead portion is abutted on the 
inactive surface of the ?rst semiconductor chip. Next, a 
second semiconductor chip is mounted over the overhead 
portion of the heat spreader. After this, a plurality of bonding 
Wires are routed from the active surface of the second 
semiconductor chip through the Wire-routing openings in the 
overhead portion of the heat spreader doWn to the front 
surface of the substrate, for electrically coupling the second 
semiconductor chip to the substrate. 

Compared to the prior art, the invention has the folloWing 
advantages. First, since the heat spreader is in direct contact 
With both of the tWo packaged chips, it alloWs an increased 
heat-dissipation capability as compared to the prior art. 
Second, since the overhead portion of the heat spreader is 
arranged betWeen the tWo packaged chips rather than above 
the overlying chip, it provides a grounding plane to the 
package chips, so that the packaged chips Would have better 
electrical performance during operation. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention can be more fully understood by reading 
the folloWing detailed description of the preferred 
embodiments, With reference made to the accompanying 
draWings, Wherein: 

FIG. 1 (PRIOR ART) shoWs a schematic sectional dia 
gram of a conventional stacked-die BGA package, 

FIG. 2 (PRIOR ART) shoWs a schematic sectional dia 
gram of a thermally-enhanced version of the stacked-die 
BGA package of FIG. 1; 

FIGS. 3A—3D are schematic sectional diagrams used to 
depict a ?rst preferred embodiment of the semiconductor 
packaging technology according to the invention; 

FIG. 4 shoWs a schematic top vieW of the heat spreader 
utiliZed by the semiconductor package according to the 
invention; 

FIG. 5 is a schematic sectional diagram shoWing a second 
preferred embodiment of the semiconductor packaging tech 
nology according to the invention; 

FIG. 6 is a schematic sectional diagram shoWing a third 
preferred embodiment of the semiconductor packaging tech 
nology according to the invention; 

FIG. 7 is a schematic sectional diagram shoWing a fourth 
preferred embodiment of the semiconductor packaging tech 
nology according to the invention; and 

FIG. 8 is a schematic sectional diagram shoWing a ?fth 
preferred embodiment of the semiconductor packaging tech 
nology according to the invention. 
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DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

The stacked-die BGA semiconductor packaging technol 
ogy according to the invention is disclosed in full details by 
Way of several preferred embodiments in the folloWing With 
reference to the draWings. 
First Preferred Embodiment 

Referring ?rst to FIG. 3A, by the stacked-die BGA 
semiconductor packaging technology according to the 
invention, the ?rst step is to prepare a substrate 300 having 
a front surface 300a and a back surface 300b, Wherein the 
front surface 300a and the back surface 300b are both 
formed With a plurality of electrical contact points and 
electrically-conductive traces (not shoWn) for BGA appli 
cation. 

In the neXt step, a ?rst semiconductor chip 310 having an 
active surface 310a and an inactive surface 310b is mounted 
over the front surface 300a of the substrate 300, in such a 
manner that its active surface 310a is bonded and electri 
cally coupled to the front surface 300a of the substrate 300 
through ?ip-chip (FC) technology by means of a plurality of 
solder bumps 311. 

Referring further to FIG. 3B together With FIG. 4, in the 
neXt step, a heat spreader 330 having a support portion 331 
and an overhead portion 332 is mounted to the front surface 
300a of the substrate 300, in such a manner that its support 
portion 331 is supported on the front surface 300a of the 
substrate 300, While its overhead portion 332 is adhered by 
means of a thermally-and-electrically-conductive layer 321 
over the inactive surface 310b of the ?rst semiconductor 
chip 310. The heat spreader 330 is made of a highly 
thermally-conductive material, such as copper. As shoWn in 
FIG. 4, in order to facilitate subsequent Wire-bonding 
process, the overhead portion 332 of the heat spreader 330 
is further formed With a plurality of Wire-routing openings 
333. 

Referring further to FIG. 3C, as the heat spreader 330 is 
mounted in position, the neXt step is to mount a second 
semiconductor chip 320 over the overhead portion 332 of 
the heat spreader 330 by adhering its inactive surface 320b 
by means of a thermally-and-electrically-conductive layer 
321 over the overhead portion 332. Subsequently, a Wire 
bonding process is performed to electrically couple the 
second semiconductor chip 320 to the substrate 300 by 
means of a plurality of bonding Wires 340, such as gold 
Wires, Wherein the bonding Wires 340 are routed from the 
active surface 320a through the Wire-routing openings 333 
in the overhead portion 332 of the beat spreader 330 doWn 
to the front surface 300a of the substrate 300. 

Referring further to FIG. 3D, in the neXt step, an encap 
sulation process is performed to form an encapsulation body 
350 to encapsulate the tWo semiconductor chips 310, 320, 
the front side 300a of the substrate 300, the heat spreader 
330, and the bonding Wires 340. After this, a ball grid array 
360 is implanted over the back surface 300b of the substrate 
300. This completes the packaging process. 
Second Preferred Embodiment 

FIG. 5 shoWs a second preferred embodiment of the 
semiconductor packaging technology according to the 
invention. In this embodiment, the support portion 331 of 
the heat spreader 330 is adhered by means of an electrically 
conductive layer 335 to the grounding point 305 on the front 
surface 300a of the substrate 300. This alloWs an enhanced 
grounding effect to the heat spreader 330. 
Third Preferred Embodiment 

FIG. 6 shoWs a third preferred embodiment of the semi 
conductor packaging technology according to the invention. 
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In this embodiment, an electrically-conductive Wire, such as 
gold Wire 345, is bonded from the grounding pad (not 
shoWn) of the second semiconductor chip 320 to the over 
head portion 332 of the heat spreader 330. This allows an 
enhanced grounding effect to the second semiconductor chip 
320. 
Fourth Preferred Embodiment 

FIG. 7 shoWs a fourth preferred embodiment of the 
semiconductor packaging technology according to the 
invention. In this embodiment, an eXposed heat spreader 370 
is mounted on top of the heat spreader 330, Which is made 
of a thermally-conductive material, such as copper, and 
Which is structured substantially in the same shape as the 
heat spreader 330, having likeWise a support portion 371 and 
an overhead portion 372. The eXposed heat spreader 370 has 
its support portion 371 adhered by means of a thermally 
conductive adhesive layer 375 to the overhead portion 332 
of the heat spreader 330, and has its overhead portion 372 
eXposed to the outside of the encapsulation body 350. This 
alloWs an enhanced heat-dissipation performance to the 
semiconductor package. 
Fifth Preferred Embodiment 

FIG. 8 shoWs a ?fth preferred embodiment of the semi 
conductor packaging technology according to the invention. 
In this embodiment, the heat spreader 330 is further formed 
With a sideWard-eXtending portion 337 having an end por 
tion 338 eXposed to the outside of the encapsulation body 
350. This alloWs an even more enhanced heat-dissipation 
performance to the semiconductor package. 
Conclusion 

In conclusion, the invention provides a neW semiconduc 
tor packaging technology for the fabrication of a stacked-die 
BGA semiconductor package. Compared to the prior art, the 
invention has the folloWing advantages. First, since the heat 
spreader 330 is in direct contact With both of the tWo 
packaged semiconductor chips 310, 320, it alloWs an 
increased heat-dissipation capability as compared to the 
prior art of FIG. 2. Second, since the overhead portion 332 
of the heat spreader 330 is arranged betWeen the tWo 
packaged chips 310, 320 rather than above the overlying 
chip 320, it provides a grounding plane to the package chips, 
so that the packaged chips Would have better electrical 
performance during operation. The invention is therefore 
more advantageous to use than the prior art. 

The invention has been described using exemplary pre 
ferred embodiments. HoWever, it is to be understood that the 
scope of the invention is not limited to the disclosed embodi 
ments. On the contrary, it is intended to cover various 
modi?cations and similar arrangements. For example, the 
sideWard-eXtending portion 337 can be positioned anyWhere 
in the heat spreader 330 or on the eXposed heat spreader 370. 
The scope of the claims, therefore, should be accorded the 
broadest interpretation so as to encompass all such modi? 
cations and similar arrangements. 
What is claimed is: 
1. Amethod for fabricating a thermally-enhanced stacked 

die BGA semiconductor package, comprising the steps of: 
(1) preparing a substrate having a front surface and a back 

surface; 
(2) mounting a ?rst semiconductor chip having an active 

surface and an inactive surface over the substrate, 
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Wherein the active surface of the ?rst semiconductor 
chip is bonded and electrically coupled to the front 
surface of the substrate through ?ip-chip technology; 

(3) mounting a heat spreader over the ?rst semiconductor 
chip, the heat spreader having a support portion and an 
overhead portion formed With a plurality of Wire 
routing openings, the heat spreader being mounted in 
such a manner that the support portion is supported on 
the front surface of the substrate, While the overhead 
portion is abutted on the inactive surface of the ?rst 
semiconductor chip; 

(4) mounting a second semiconductor chip having an 
active surface and an inactive surface over the overhead 
portion of the heat spreader, Wherein the inactive 
surface of the second semiconductor chip is thermally 
coupled to the overhead portion of the heat spreader; 

(5) providing a plurality of bonding Wires for electrically 
coupling the second semiconductor chip to the 
substrate, Wherein the bonding Wires are routed from 
the active surface of the second semiconductor chip 
through die Wire-routing openings in the overhead 
portion of the heat spreader doWn to the front surface 
of the substrate; 

(6) performing an encapsulation process to form an 
encapsulation body for encapsulating the front surface 
of the substrate, the ?rst semiconductor chip, the heat 
spreader, the second semiconductor chip, and the bond 
ing Wires; and 

(7) performing a ball-implantation process to implant an 
array of solder balls over the back surface of the 
substrate. 

2. The method of claim 1, Wherein in said step (3), the 
heat spreader is made of copper. 

3. The method of claim 1, Wherein in said step (5), the 
bonding Wires are gold Wires. 

4. The method of claim 1, Wherein the overhead portion 
of the heat spreader is adhered by means of an electrically 
and-thermally-conductive adhesive layer to the inactive sur 
face of the ?rst semiconductor chip. 

5. The method of claim 1, Wherein the inactive surface of 
the second semiconductor chip is adhered by means of an 
electrically-and-thermally-conductive adhesive layer to the 
overhead portion of the heat spreader. 

6. The method claim 1, Wherein the support portion of the 
heat spreader is adhered by means of an electrically 
conductive adhesive layer to a ground pad on the front 
surface of the substrate. 

7. The method of claim 1, Wherein the ground pad on the 
second semiconductor chip is bonded by means of a ground 
ing Wire to the overhead portion of the heat spreader. 

8. The method of claim 1, Wherein the overhead portion 
of the heat spreader is further coupled to a heat spreader 
having an eXposed surface. 

9. The method of claim 1, Wherein the heat spreader is 
further formed With a sideWard-eXtending portion having an 
end portion eXposed to the outside of the encapsulation 
body. 


